Localized tenosynovial giant cell tumor (L-TGCT), formerly called giant cell tumor of the tendon sheath, is one of the benign proliferative diseases of the synovium of a joint, bursa, or tendon sheath. L-TGCT occasionally involves a large joint such as the knee, and rarely it is combined with infarction by pedicle torsion. Neither the prevalence of torsion of L-TGCT nor the mechanism involved are known, but it is thought to be uncommon progress. Herein, we describe a rare case of infarcted L-TGCT in the knee involving torsion of a mass pedicle in a 47-year-old man. We utilized magnetic resonance imaging including diffusion-weighted imaging and axial apparent diffusion mapping, and sonographic appearance during the course of investigations, because radiologic findings showed characteristic features of infarcted L-TGCT.
Introduction
Tenosynovial giant cell tumor (TGCT) is a family of benign proliferative diseases of the synovium of a joint, bursa, or tendon sheath (1) . TGCTs are usually divided according to their site (intra-articular or extra-articular) and growth pattern (localized or diffuse), and such differences are usually associated with differences in their clinical features and biological behavior, though they appear to share some common aspects of pathogenesis (2) . Localized forms predominate in the knee, and other locations include the wrist, foot, ankle, and hand. Localized intraarticular TGCT frequently involves the knee, and the common location is reportedly the infrapatellar area (2, 3) . Patients may present with slowly progressing pain, swelling, decreased range of motion, or a painless mass.
A few cases of infarcted localized tenosynovial giant cell tumor (L-TGCT) have been described in the orthopedic literature (4) (5) (6) (7) , and in these cases the patients complained of acute symptoms including sudden-onset pain or locking. All these lesions had undergone infarction and exhibited pedicle torsion arising from the synovial capsule on arthroscopy. There have been only three reported patients with histologically and radiologically confirmed infarcted L-TGCT in the knee or hip (4, 5, 7) . To our knowledge, the current report is the first to describe a case of this entity using a combination of radiographic, sonographic, and magnetic resonance imaging including diffusion-weighted imaging (DWI) and axial apparent diffusion coefficient (ADC) mapping, in conjunction with arthroscopic and histological findings. The details of this case will be helpful when interpreting radiologic findings of a solitary nodule in the knee that raise the possibility of this rare entity, L-TGCT.
Case Presentation
A 47-year-old man presented with a painless mass in the right knee that had been there for more than 1 year. The mass was located in the superior portion of the patella. It was non-tender, soft, round, and mobile, but caused mass effect at the knee joint during deep flexion. Radiological examinations were performed to characterize and diagnose the soft tissue mass.
Initial radiographs of the right knee yielded no remarkable findings, but lateral radiography revealed fullness of the suprapatellar pouch. On ultrasound (US), an approximately 2.8 × 1.3-cm ovoid mass with well-delineated margins was located at the suprapatellar area of the right knee. It exhibited heterogeneous echogenicity. Color Doppler investigations revealed no vascularity ( Figure 1A ).
There was a small to moderate amount of joint effusion with diffuse synovial thickening at the suprapatellar pouch, suggesting underlying mild synovitis. Conventional magnetic resonance imaging (MRI) yielded the same morphologic findings as US with characteristic signal intensities. The lesion showed inhomogeneous intermediate to high signal intensity on T1-weighted imaging ( Figure  1B ). On T2-weighted imaging, the mass showed inhomogeneous high signal intensity compared to skeletal muscle ( Figure 1C) . It was not suppressed on fat-suprresed imaging ( Figure 1D ). The mass was surrounded by a thin rimlike structure with an even thickness that exhibited the same signal intensity as synovium on all sequences, and it also had a pedicle arising from the lateral side of the joint capsule, anterior to the lateral femoral condyle (arrows in Figure 1C and D). The mass exhibited either subtle enhancement or no definite enhancement on contrastenhanced T1-weighted fat suppressed imaging ( Figure 1E ) (it was not easy to evaluate precisely, because there was no T1 fat-suppressed image). The synovium adjacent to the lesion at the suprapatellar pouch exhibited proliferation with diffuse thick enhancement with a small amount of joint effusion ( Figure 1E ). No meniscal tear or chondromalacia was identified.
Axial DWI (TR/TE 8110/64) showed increased signal intensity of the entire mass and a rim with dark signal intensity ( Figure 1F ). ADC mapping of the suprapatellar mass was 1686.80 mm 2 /s (b = 0, 400, and 800 mm 2 /s) ( Figure 1G ).
The patient underwent arthroscopic excision of the mass. There was a 3.5-cm long, ellipsoid-shaped, wellmarginated mass with a pedicle originating from the synovial capsule in a suprapatellar pouch. This mass appeared to be encapsulated with synovium.
With regard to gross pathology, the soft tissue mass was pink, and included a necrotic portion on the cut surface ( Figure 2A ). Histologically, the lesion had a stalk which was connected to synovial lining, and it was surrounded by collagenous tissue. Most of the lesion was infarcted, thus the nuclei of most cells had disappeared ( Figure 2B ). It was difficult to distinguish the origins of the cells in the infarcted portion. Nonetheless, in the viable area microscopy revealed multinucleated giant cells, macrophages, foam cells, and fibroblasts. There was hemosiderin pigment in macrophages and in the extracellular space. A portion was composed of areas of hemorrhage with red blood cells ( Figure 2C ). It was confirmed as L-TGCT with infarction. We assumed that infarction was caused by torsion of the mass, which could be explained by the pedicle from the synovial capsule.
The patient was followed up for one year and did not have any symptom or recurrence of the tumor during the follow-up period.
Discussion
TGCTs are now classified as benign, so-called fibrohistiocytic tumors in the World Health Organization system of classification of bone and soft tissue tumors (2) . Knees are the joints most commonly affected by TGCTs, and in the localized intra-articular form knees account for 80% of cases, followed by hip, ankle, shoulder, and elbow (8) . The most common location in the knee is known as the infrapatellar area. One study reported that 67% of the lesions were infrapatellar in location, 24% suprapatellar, and 10% posterior intercondylar (5) . It affects patients aged 20 -50 years.
Clinical manifestations of L-TGCT are various. Patients commonly present with gradually progressing pain, swelling, and decreased range of motion, and in some cases a soft tissue mass is evident (3). It is known that in most cases the onset is chronic, with a duration of months to years (9) ; however, in the cases of infarction we reviewed, all patients complained of acute symptoms within 72 hours including sudden-onset pain or locking (5-7). In the current case, the patient presented with a palpable painless soft tissue mass, but he could not remember if acute pain had been present.
The prevalence of torsion or infarction of L-TGCT remains unknown, as does the mechanism involved, but it is thought to be uncommon progress. Few cases of L-TGCT with torsion or infarction have been reported in the literature (4-7). In 1985, the first orthopedic cases of torsion of L-TGCT were described by Howie et al. (6) in a report in which they described three cases of intra-articular L-TGCT (previously called localized pigmented villonodular synovitis) with evidence of torsion in knee joints. All cases contained areas of infarction with hemorrhage and necrosis as determined histologically. The lesions arose from the medial side of the joint, above the coronary ligaments, the infrapatellar fat pad, and the intercondylar notch. Since then, only three case reports with MRI findings have been published (5, 7). Huang et al. (7) reviewed 21 cases of L-TGCT (previously called localized nodular synovitis) that included MRI and clinical findings, and 1 patient showed torsion of the mass in an infrapatellar lesion with acute symptoms. They only described findings of a pedicle, no additional imaging features pertaining to the diagnosis of torsion of the mass on MRI, but notably detection of the pedicle can be difficult unless images are carefully inspected. Fukui et al. (5) reported 1 case of intra-articular L-TGCT (previously called localized pigmented villonodular synovitis) of the hip, an uncommon location, with sudden-onset pain caused by torsion of the tumor pedicle. The mass exhibited low signal intensity on T1-weighted images and high signal intensity on T2-weighted images, and marginal enhancement on gadolinium-enhanced im- 
-cm ovoid mass exhibited heterogeneous echogenicity without vascularity on color Doppler image (A). The mass exhibited inhomogeneous intermediate to high signal intensity on T1-weighted imaging (B) and inhomogeneous high signal intensity compared to skeletal muscle on T2-weighted imaging (C). It was not suppressed on fat-suppressed imaging (D)
. On contrast-enhanced T1-weighted fatsuppressed imaging, the mass exhibited mild enhancement. Adjacent to the lesion at the suprapatellar pouch, the synovium showed proliferation with diffuse thick enhancement with a small amount of joint effusion, suggesting synovitis (E). The mass was surrounded by a thin rim-like structure with an even thickness (arrowheads in E), and had a pedicle (arrows in C and D) arising from the medial side of the joint capsule, anterior to the medial femoral condyle. osteochondroma, but the pathology was compatible with localized nodular synovitis with a large area of infarction and hemorrhage. Thus, the current case is the fourth known case of infarcted L-TGCT reported in conjunction with radiographic, sonographic, MRI with DWI and ADC mapping, intraoperative, and histological data.
Ultrasound appearances of L-TGCT are usually nonspecific, with the entity depicted as a solitary synovial mass with possible associations with joint effusion or bone erosion (10) . Typically, increased vascularity is seen in the synovial mass on Doppler imaging (10) . However, the current case was completely avascular on Doppler imaging, which was thought to be caused by hemorrhage and necrosis due to infarction. This also explains why enhancement was very subtle or nearly absent on MRI.
MRI has been reported to be a sensitive modality for identifying features consistent with TGCT, but it is still not specific (11) . In most cases the signal intensity is intermediate to low on T1-weighted images, and low signal intensity also predominates on T2-weighted images due to the preferential shortening of T2 relaxation time caused by hemosiderin (1) . Notably however, the current case exhibited higher signal intensities than typical cases on both T1 weighted and T2-weighted images. The high signal intensity on T1-weighted images was perhaps due to hemorrhage, and the focal area of high signal intensity on T2-weighted images indicated necrosis.
Diffusion-weighted images and mean ADC values are helpful for differentiation between benign and malignant soft tissue masses (12) . Benign tumors tend to exhibit higher ADC values than malignant tumors, though there are some exceptions including TGCTs. TGCTs are known to 4 Iran J Radiol. 2019; 16(2):e68799.
exhibit low ADC values despite being benign lesions (13) . In contrast to previous reports, the current case exhibited a high ADC value (1686.80 mm 2 /s) with high signal intensity on DWI. This may represent an increase in extracellular water or loss of cell membrane integrity explained by necrotic fluid due to infarction (14) . It also supports the previously mentioned imaging features of conventional MRI. The current case exhibited characteristic imaging features distinct from other solitary nodules of the knee. The torsioned pedicle arising from the lateral side of the joint capsule was clearly visible with continuity of the synovial lining. Therefore, the possibility of a tumor of synovial origin including L-TGCT could be considered most likely, although the mass was located in the suprapatellar pouch with atypical imaging features on MRI. Other nontumorous conditions such as hematoma are potential differential diagnoses, but hematoma does not have a pedicle, its appearance is less nodular, it lacks solid enhancing tissue, and it may present with fluid-fluid level (4) .
In summary, when evaluating a soft tissue mass of the knee joint, it is not quite difficult to diagnose L-TGCT via well-known typical imaging findings, showing intermediate to low signal intensities on both T1-weighted and T2-weighted images with enhancement on gadoliniumenhanced images. However, the current infarcted TGCT exhibited higher signal intensities than typical cases of TGCT on both T1-weighted and T2-weighted images and showed completely avascular on Doppler imaging. These findings are due to hemorrhagic and necrotic changes of the mass caused by infarction. The torsioned pedicle of the mass arising from the joint capsule on MRI is characteristic imaging feature which suggests the infarction of the mass caused by torsion. Recognition of theses appearances on MRI and ultrasound enables to make a possible diagnosis of infarcted L-TGCT as a solitary nodule of the knee. 
